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Background: In cardiac cell therapy, stem cells are transplanted in the border zone of the infarcted myocardium, which is an environment with 
low oxygen tension and a high presence of fibroblasts. Little is known about the influence of this hypoxic environment on the cardiomyogenic 
differentiation potential of mesenchymal stem cells (MSCs). Therefore we assessed, in an in vitro model, the capacity of neonatal rat (nr) MSCs to 
differentiate into cardiomyocytes (CMCs) under hypoxic and normoxic conditions.
Methods: To induce cardiomyogenesis, eGFP-labeled nrMSCs were co-cultured with nrCMCs and nr fibroblasts under normoxia (21% O2) and 
hypoxia (5% O2) up to 10 days. Cardiomyogenic differentiation of the eGFP-labeled cells was assessed both at day 3 and 10 of co-culture by 
immunostaining for cardiac marker proteins. Real-time PCR was used to detect expression of cardiomyocyte genes in nrMSCs cultured under both 
conditions.
Results: At day 3 of co-culture, the cardiac protein α-actinin was expressed in eGFP-labeled nrMSCs co-cultured with nrCMCs under both 
conditions. However, the cardiac-specific cross-striated pattern of the protein was only present in nrMSCs cultured under hypoxia (2.1±0.35%), but 
not in nrMSCs maintained under normoxia. By day 10 of co-culture with nrCMCs, cross-striation of the cardiac marker was also present in nrMSCs 
kept under normoxia (1.2±0.75%), but it was significantly more abundant in nrMSCs cultured under hypoxia (3.3±0.91%, P<0.05). However, the 
cardiac marker proteins were not expressed by nrMSCs co-cultured with nr fibroblasts under both conditions. Real-time PCR showed a significant 
increase in mRNA expression of connexin 43 in nrMSCs kept under hypoxia compared to those cultured under normoxia (1.42-fold, P<0.001).
Conclusions: Cardiomyogenic differentiation is accelerated and enhanced in neonatal rat (nr) mesenchymal stem cells (MSCs) co-cultured with 
nr cardiomyocytes (CMCs) in a hypoxic environment. Furthermore, the presence of CMCs at the site of engraftment seems to be essential for the 
occurrence of cardiomyogenesis. Local environmental cues may therefore have an important influence on the regenerative potential of MSCs in 
cardiac cell therapy.
